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C utaneous malignant melanoma (CMM) results from the interaction of genetic, host,
and environmental influences. Epidemiologic studies of melanoma have shown that
the major environmental risk factor is UV radiation. The exposure-response relation-
ship, however, seems complex, with intermittent sun exposure likely to be more im-

portant for risk than total lifetime exposure (for a review, see Armstrong and English1). The host
factors most strongly associated with melanoma are melanocytic nevi (moles), both clinically ba-
nal and atypical (dysplastic).1,2 Other host factors implicated in melanoma include fair hair color,
light eye color, increased freckling, and an inability to tan. Nonmelanoma skin cancer (basal cell
or squamous cell carcinoma) also increases the risk for melanoma.1

Approximately 5% to 12% of malignant
melanomas develop in individuals who
have 1 or more first-degree relatives with
CMM.3 Such clustering is denoted famil-
ial melanoma. No precise definition ex-
ists for the term familial melanoma; its use
varies across studies and geographic lo-
cations. In general, though, familial me-
lanoma is clinically and histologically
indistinguishable from nonfamilial mela-
noma. However, there are generally dif-
ferences in age at diagnosis, lesion thick-
ness, and frequency of multiple lesions.4,5

Familial melanoma has an earlier age at
diagnosis, thinner CMM tumors, and a
higher frequency of multiple lesions than
nonfamilial. Some of the familial mela-
noma clusters occur by chance. Others
may occur because family members share
the same host characteristics such as hair
and eye color, freckling, and skin type.
Familial clustering is higher in more
heavily insolated areas such as Australia.
Thus, clustering likely results from both
genetic and shared nongenetic factors
with only a subset of patients with famil-
ial melanoma likely having inherited a mu-
tation in a melanoma susceptibility gene.6

The proportion of such cases in the

population is unknown, although it is be-
lieved to be at least a few percent.

MELANOMA
PREDISPOSITION GENES

To date, 2 melanoma predisposition genes
have been identified. Both are inherited in
an autosomal dominant pattern showing
vertical transmission of the disease and
similar numbers of affected men and
women. The first gene, CDKN2A, is lo-
cated on the short arm of chromosome 9
(9p21).7,8 It is a complex tumor suppres-
sor gene that encodes 2 distinct proteins,
p16 and p14ARF. The p16 protein, com-
prising exons 1�, 2, and 3, is a cell cycle
regulatory protein that inhibits the activ-
ity of the cyclin D1–cyclin-dependent ki-
nase 4 (CDK4) or 6 (CDK6) complex. p16
Negatively regulates cell growth by arrest-
ing cells at G1 phase of the cell cycle.9 The
second protein, p14ARF, is produced from
alternate reading frames (ARFs) and
comprises exons 1�, 2, and 3. p14ARF Acts
via the p53 pathway to induce cell cycle
arrest or apoptosis.10,11

In contrast, the second identified
melanoma susceptibility gene, CDK4, maps
to the long arm of chromosome 12
(12q13).12,13 It seems to function as an on-
cogene that is resistant to the normal physi-

From the Genetic Epidemiology Branch, Division of Cancer Epidemiology and
Genetics, National Cancer Institute, Bethesda, Md.

REVIEW

(REPRINTED) ARCH DERMATOL / VOL 137, NOV 2001 WWW.ARCHDERMATOL.COM
1493

©2001 American Medical Association. All rights reserved.



ological inhibition of p16. To date, cosegregating germ-
line mutations have been detected in only 3 melanoma-
prone families worldwide.14,15 Thus, CDK4 mutations are
presumed to be very rare. Although the dominant onco-
gene CDK4 and tumor suppressor CDKN2A have differ-
ent mechanisms of action, clinical characteristics such
as age at diagnosis, numbers of melanoma tumors, and
number of nevi do not differ between melanoma pa-
tients from CDKN2A vs CDK4 families.16 Such compari-
sons have limited power, however, because of the small
numbers of melanoma cases with CDK4 mutations. Di-
rect assessment of CDK4 families will remain limited be-
cause of their rarity. Other genetic factors and their in-
heritance patterns remain to be determined.

CDKN2A

Germline mutations in the major known melanoma sus-
ceptibility gene CDKN2A have been found in melanoma-
prone families from North America, Europe, and Aus-
tralasia. Overall, CDKN2A mutations have been found in
approximately 20% of melanoma-prone families with 3
or more members who have the disease from around the
world.3 The frequency of detected CDKN2A mutations
varies considerably across different geographic areas but
is directly related to the numbers of melanoma patients
per family. The frequency of mutations increases as the
number of melanoma cases in the family increases. For
example, the frequency of detectable mutations is lower
than 5% for families with only 2 members with mela-
noma. It increases to higher than 50% for families with
more than 6 melanoma cases.3,17 The occurrence of mul-
tiple CMM lesions in an individual also increases the
chances of finding a CDKN2A mutation. Approximately
10% of patients with multiple primary melanoma tu-
mors, but without family histories of the disease, have
been shown to carry germline mutations in the CDKN2A
gene.17-19 The absence of a positive family history in these
patients, however, suggests that other factors, genetic
and/or environmental, affect the phenotypic expression
of CDKN2A mutations. The occurrence of multiple pri-
mary melanoma tumors in a patient with a family his-
tory of CMM also increases the frequency of detecting a
CDKN2A mutation.15,19,20

Most mutations described to date are missense mu-
tations (ie, mutations that cause a change from one amino
acid to another) scattered throughout the CDKN2A cod-
ing region. A mutation in the 5� untranslated region
(G34T) has also been described.21 Some mutations have
been observed only once, while others have repeatedly
been found in different families. Repeat mutations may
occur by chance or because the mutation occurs in a re-
gion of the gene that is prone to change (ie, a mutation
hot spot) or because the mutation resulted from a single
genetic origin (and thus all recurrences derive from that
original ancestor). Analyses of common recurrent
CDKN2A mutations studied to date from the same geo-
graphic areas (eg, 225del19 from the Netherlands, 113insR
from Sweden, G34T from Canada) or from geogra-
phically diverse areas (eg, M53I, 23ins24, G101W)
showed that most seem to have originated from a com-
mon founder or ancestor.16,21-25 In fact, only 1 recurrent

mutation, 23ins24, a 24–base pair duplication, has been
shown to have multiple origins, probably because of the
inherent instability of the 5� tandem repeat region.24

Once a mutation has been shown to be a founder
mutation, it is possible to estimate the age at which the
mutation originated. Such calculations have been con-
ducted for 2 recurrent mutations, G101W and 113insR23,25;
both mutations seem to have arisen approximately 100
generations ago, although the confidence intervals for
these estimates are very wide. Given a remote origina-
tion, one would hypothesize that both mutations should
be geographically dispersed. G101W has been found in
Australia, North America, and Europe with a particu-
larly high frequency in southwestern Europe.25 In con-
trast, 113insR has been identified primarily in Sweden;
this observation has led to the hypothesis that the
CDKN2A locus lies in a recombination hot spot and that
the number of generations that have passed from the
original founder may represent an overestimate.23 Future
studies will need to further examine this interesting
question.

CDKN2A is a susceptibility gene, but its inherited
effects may not be limited to melanoma. The most con-
sistent association occurs with pancreatic cancer. Muta-
tions in CDKN2A seem to be associated with an in-
creased risk of pancreatic cancer in a subset of families,26-29

but the precise relationship between alterations in the
CDKN2A gene and pancreatic cancer remains un-
known. No relationship between specific mutations and
pancreatic cancer has yet been found. It is also not pos-
sible to predict what genotype or phenotype predis-
poses an individual to pancreatic cancer in families with
CDKN2A mutations. These observations have led to the
hypothesis that the inconsistent occurrence of pancre-
atic cancer cannot be explained by the CDKN2A muta-
tion itself, but is likely due to the influence of other
factors, genetic and/or environmental.16,17,27

Other cancers have also been found in melanoma-
prone CDKN2A families, but usually in too few num-
bers to test the association. Recently, investigators from
Sweden reported a significant excess of breast cancer
among Swedish CDKN2A families carrying the Swedish
founder mutation 113insR.29 Future studies will be
needed to determine whether this breast cancer excess
is mutation specific or whether genes inherited from
both maternal and paternal sides of certain families
increase disease risk/expression or modify the tumor
phenotype.

The rare occurrence of melanoma with nervous
system tumors, commonly astrocytoma (MIM 155755),
has also been associated with the chromosome 9p21 re-
gion. Germline deletions of the genes encoding p16 and
p14ARF have been detected in one kindred (6 patients
with CMM and 7 with nervous system tumors, includ-
ing 4 with both) and the whole p16, p14ARF, and p15
cluster in a second (7 patients with CMM and 3 with
nervous system tumors, including 2 with both).30 In ad-
dition, a 3-generation family with 2 cases of melanoma,
2 cases of both CMM and glioblastoma multiforme, and
1 case of astrocytoma had a hemizygous germline de-
letion of p16/p14ARF.31 The germline deletions in the 3
families mentioned above suggested either that the
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multiple cancer susceptibility resulted from inactiva-
tion of contiguous tumor suppressor genes or that the
deletion specifically targeted p14ARF (exon 1�).20,31 Re-
cently, a 3-generation family displaying the melanoma-
astrocytoma syndrome was found to have a germline
deletion of the p14ARF-specific exon 1�; p16 and p15
were not affected. The finding suggests that either loss
of p14ARF function is the critical abnormality for the
melanoma-astrocytoma syndrome rather than contigu-
ous loss of both p16/p14ARF and p15, or that expression
of p16 is disrupted by unknown mechanisms.32

CDKN2A: FUTURE STUDIES

The relationship between melanoma, CDKN2A muta-
tions, and other tumors has yet to be fully determined.
In addition, although CDKN2A mutations confer sub-
stantial risk for melanoma (and other tumors), many mu-
tation carriers do not develop melanoma.3 Unaffected in-
dividuals homozygous for a CDKN2A mutation have also
been identified.22 These studies suggest that another gene
or multiple genes and/or environmental factors are in-
volved in the pathogenesis of melanoma and in deter-
mining the phenotypic expression of the trait among gene
carriers (penetrance). Also, although CDKN2A muta-
tions confer increased risk for melanoma, clinicoepide-
miologic variables such as dysplastic or atypical nevi, total
numbers of nevi, and solar injury have been shown to
further enhance the disease risk among mutation carri-
ers.3 Future studies are needed to estimate penetrance
for melanoma and possibly other tumors and assess the
relationship between CDKN2A and modifying genetic
and/or environmental factors that may influence dis-
ease expression. Population-based studies are also needed
to determine the frequency of CDKN2A mutations around
the world and its impact on the total melanoma burden.

FUTURE GENETIC EPIDEMIOLOGIC RESEARCH

The 2 identified melanoma susceptibility genes, CDKN2A
and CDK4, account for only 20% to 40% of the inher-
ited forms of melanoma17; other genetic factors and their
inheritance patterns remain to be discovered. Cytoge-
netic and loss of heterozygosity studies have consis-
tently suggested the possibility of additional tumor sup-
pressor genes on chromosome 9p (for a review, see Pollock
et al33). In addition, although most melanoma-prone fami-
lies that show strong evidence of linkage to chromo-
some 9p have CDKN2A mutations, a subset of these fami-
lies does not have detectable mutations. Whether these
families have noncoding region mutations or large de-
letions or alternative mechanisms of inactivation (eg,
methylation) or whether another or multiple other chro-
mosome 9p melanoma susceptibility genes located near
CDKN2A exist needs further exploration.

The search for additional melanoma susceptibility
genes will be strongly influenced by the overall fre-
quency of mutations in these genes. For example, cyto-
genetic, loss of heterozygosity, and linkage studies led
to the localization of a melanoma susceptibility gene to
chromosome 9p21, the region where CDKN2A is lo-
cated.3 The discovery that CDK4 was a melanoma sus-

ceptibility gene used candidate gene approaches.12,14

Mutation testing and sequencing of candidate genes,
genotyping studies with subsequent linkage and loss of
heterozygosity analyses, cytogenetic studies, and pro-
teomic studies should all be useful in the identification
of additional susceptibility genes. And once additional
melanoma predisposition genes are discovered, the
same questions that are now being asked for CDKN2A
(eg, penetrance, modifying genetic and/or environmen-
tal factors, associations with other tumors) will need to
be explored.

MUTATION TESTING

Current gaps in the understanding of the phenotypic ex-
pression of melanoma susceptibility genes in families and
in the general population mean that DNA mutation test-
ing should not be used as a guide in the clinical practice
of prevention and surveillance. All individuals consid-
ered to be at high risk of melanoma, based on the well-
established melanoma risk factors, should be managed
using the same approach.17

The American Society of Clinical Oncology state-
ment on genetic testing for cancer susceptibility recom-
mends that genetic mutation testing be performed only
when “the tests can be adequately interpreted; and the
results will influence the medical management of the pa-
tient or family member.”34 The Melanoma Genetics Con-
sortium, made up of familial melanoma research groups
from the United States, Europe, and Australia, reviewed
current information about genetic testing and con-
cluded that neither of these criteria is currently met for
the testing of CDKN2A and CDK4.17 The consortium con-
cluded that it is therefore premature to offer mutation
testing outside of defined research protocols except in
rare circumstances, and then only after careful genetic
counseling that adequately addresses the low likelihood
of finding mutations, current uncertainties about the risk/
expression of specific mutations, and the potential ben-
efits and risks of positive and negative results of genetic
testing. The consortium plans to review this advice regu-
larly to keep up-to-date with developments in the field
and to maintain a current consensus opinion.17

CONCLUSIONS

Cutaneous melanoma has a complex etiologic context
resulting from the interrelationships of genetic, host, and
environmental factors. Genetic epidemiologic studies are
useful for identifying susceptibility genes, exploring as-
sociations with other tumors, examining gene-gene and
gene-environment interactions, and discovering ge-
netic and/or environmental influences that modify the
disease expression. Better understanding of these di-
verse factors should lead to improved prevention, detec-
tion, and treatment options.
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